Abstract Purpose: Cholangiocarcinomas (CC) are associated with poor survival, but diagnostic markers and therapeutic targets have not yet been elucidated. We previously found aberrant expression of L1 cell adhesion molecule in intrahepatic CC and a role for L1 in the progression of intrahepatic CC. Here, we analyzed L1 expression in extrahepatic CC (ECC) and evaluated its prognostic significance. Experimental Design: We examined L1 expression in tumors from 75 ECC patients by immunohistochemistry. We analyzed the correlations between L1 expression and clinicopathologic factors as well as patient survival. Results: L1 was not expressed in normal extrahepatic bile duct epithelium but was aberrantly expressed in 42.7% of ECC tumors. High expression of L1 was detected at the invasive front of tumors and was significantly associated with perineural invasion (P < 0.01). Univariate analysis indicated that various prognostic factors such as histologic grade 3, advanced pathologic T stage and clinical stage, perineural invasion, nodal metastasis, and high expression of L1 were risk factors predicting patient survival. Multivariate analyses done by Cox's proportional hazards model showed that high expression of L1 (hazard ratio, 2.171; 95% confidence interval, 1.162-4.055; P = 0.015) and nodal metastasis (hazard ratio, 2.088; 95% confidence interval, 1.159-3.764; P = 0.014) were independent risk factors for patient death. Conclusions: L1 was highly expressed in 42.7% of ECC and its expression was significantly associated with perineural invasion. High expression of L1 and nodal metastasis were independent poor prognostic factors predicting overall survival in patients with ECC. (Clin Cancer Res 2009;15(23):7345-51) 
initiates a variety of dynamic motile processes in the central nervous system (8) (9) (10) (11) . L1 is expressed in cell types such as lymphoid and myelomonocytic cells, kidney tubule epithelial cells, and intestinal crypt cells (12) (13) (14) (15) . Recent reports also showed L1 expression in several types of cancers such as malignant gliomas, recurrent neuroblastoma, malignant melanoma, ovarian and uterine carcinomas, renal cell carcinoma, colorectal cancer, and pancreatic adenocarcinoma and neuroendocrine carcinoma. Furthermore, its expression correlates with tumor progression and metastasis (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . In particular, L1 expression is a reported marker for poor prognosis and short survival in patients with ovarian carcinoma and colorectal cancer (24, 27) . L1 may also play a role in the development of human colon cancer, as one study suggested that it may be a target of β-catenin-T-cell factor signaling, which contributes to tumor development during various stages of colon cancer (22) . However, the expression and clinical effect of L1 in CC has not been previously investigated.
We previously generated a murine monoclonal antibody (A10-A3) against L1 and used this antibody to show that L1 is highly expressed in 63.6% of pulmonary large-cell neuroendocrine carcinomas (28) . In the present study, we used A10-A3 in immunohistochemical analysis of tumor specimens from 75 patients with ECC and found that L1 is highly expressed in 42.7% of ECC tumors, especially in the invasive front. In addition, analyses of the correlation between L1 expression and prognostic factors as well as patient survival clearly showed that high expression of L1 was closely related to perineural invasion. Our findings suggest that L1 could function as a useful marker to predict patient survival.
Materials and Methods
Western blot analysis for A10-A3 specificity. ECC cell lines SNU-245 (29) and SNU-1196 (29) were grown in RPMI 1640 (Invitrogen) containing 10% fetal bovine serum (Hyclone), and JCRB1032 cells
Translational Relevance
Extrahepatic cholangiocarcinoma (ECC) is a highly malignant hepatobiliary cancer with a poor prognosis. Here, we found that a significant proportion of tumors from ECC patients showed aberrant L1 expression. Furthermore, tumors with high L1 expression are more frequently accompanied with perineural invasion, and patients with high L1 expression had shorter survival duration than patients with low expression (15.3 ± 2.7 versus 35.3 ± 3.9; P < 0.001). Analysis of duration of stable disease showed that patients with high L1 expression showed poor prognosis (11.9 ± 2.4 versus 27.1 ± 3.6; P = 0.001). Univariate analyses revealed histologic grade 3, pathologic T stage III and IV, clinical stage III and IV, perineural invasion, nodal metastasis, and high L1 expression as significant prognostic factors. Multivariate analyses clearly showed that high L1 expression is an independent risk factor for patient death (hazard ratio, 2.171; 95% confidence interval, 1.162-4.055; P = 0.015). The data suggest that high L1 expression is related to tumor progression and may be a useful marker for predicting survival of ECC patients. (30) were grown in Williams' E (Invitrogen) with 10% fetal bovine serum under cell culture conditions (5% CO 2 , 95% relative humidity, 37°C). Human umbilical vascular endothelial cell primary cultures were obtained from Cambrex. Total cellular proteins (20 μg) from each sample were subjected to Western blot analysis using A10-A3 followed by horseradish peroxidase-conjugated anti-mouse IgG antibody (Santa Cruz Biotechnology). The immunoreactive bands were visualized using a chemiluminescent substrate (GE Life Sciences).
Patients and tissue specimens. We retrospectively investigated 75 patients (56 men and 19 women) with ECC who underwent primary surgical resection between May 1999 and October 2005 at the Chonnam National University hospital and Chungnam National University hospital. The mean age of the patients was 65 y (range, 48-84). Tumor specimens were fixed in 10% formalin and embedded in paraffin; all tumors were adenocarcinoma and defined as primary ECC arising from extrahepatic bile ducts. All protocols were approved by the institutional review board.
Immunohistochemistry. Immunohistochemistry for L1 expression was done using purified A10-A3 and the EnVision-HRP detection system (DakoCytomation). Processing was mostly done at room temperature, except for incubation with A10-A3 at 4°C. Briefly, sections (4 μm thick) were cut from tumor tissue blocks mounted on slides and dried for 1 to 2 h at 56°C. The sections were deparaffinized in xylene and rehydrated in graded alcohol. After antigen retrieval in a pressure cooker with target retrieval solution (DakoCytomation) at full power for 4 min, tissue sections were treated with 3% hydrogen peroxide for 10 min to block endogenous peroxidase. Sections were incubated overnight with A10-A3 diluted with background reducing diluent (80 ng/mL; DakoCytomation) in a humid chamber at 4°C. Slides were then incubated with EnVision reagent for 30 min followed by 3,3′-diaminobenzidine chromogen for 5 min, counterstained with Mayer's hematoxylin, and mounted. Mouse IgG1 control excluding the primary antibody was used as a negative control, whereas peripheral nerve bundles in the same sections served as an internal positive control. The entire stained sections were scanned at ×200 magnification using a light microscope (Nikon E600).
Evaluation of immunohistochemical staining. The immunohistochemical results were evaluated by two independent pathologists (J-M.K. and J-H.L.). Specimens were considered immunopositive for L1 staining when the tumor cells showed clear evidence of membranous staining. The percentage of positively stained tumor cells was graded using a four-point scale (<5% = 0; ≥5% to <20% = +1; ≥20% to <50% = +2; ≥50% = +3) as described previously (28, 31) . The cases with 0 and +1 staining scores were considered part of the low expression group (LEG), whereas those with +2 and +3 staining scores were considered the high expression group (HEG).
Histologic grading. The ECC tissue specimens were subjected to routine H&E staining. The WHO grading system was used to categorize the specimens into well-differentiated (G1), moderately differentiated (G2), and poorly differentiated (G3) adenocarcinoma. Thirteen cases were well differentiated, 43 cases were moderately differentiated, and 19 cases were poorly differentiated.
Statistical analysis. Group comparisons of categorical variables were done using the χ 2 test or linear by linear association. Comparisons of average means were evaluated with the independent samples t test or one-way ANOVA. Survival duration was measured from the date of surgical resection to the date of death by ECC. Duration of stable disease was measured from the date of surgical resection to the date when recurrence or progression of ECC could be confirmed by imaging modalities. The survival rates and survival curves were determined by the Kaplan-Meier method, whereas log-rank test was done for the comparison of survival curves. To analyze the effect of L1 expression on overall survival and tumor progression, Cox's proportional hazards model was done using the Statistical Package for the Social Sciences version 12.0 statistical software program.
Results
Immunohistochemical analysis for L1 expression in ECC. We previously generated a murine monoclonal antibody A10-A3 against L1 (28) . The specificity of A10-A3 against human L1 is shown by Western blot analysis using three ECC cell lines and human umbilical vascular endothelial cells as a negative control ( Supplementary Fig. S1 ). In the present study, L1 expression in ECC was evaluated by immunohistochemical analysis of tissue specimens from 75 ECC patients using A10-A3. L1 was not expressed in normal epithelium of the extrahepatic bile duct (Fig. 1A) , whereas its expression was detected in ECC tumor cells.
Next, we assessed L1 expression level by determining the percentage of positively stained tumor cells using a four-point scale (0, +1, +2, +3). A total of 43 cases (57.3%) showed 0 (31 cases) or +1 (12 cases) staining (LEG), whereas 32 cases (42.7%) showed +2 (16 cases) or +3 (16 cases) staining (HEG), indicating that L1 is highly expressed in 42.7% of ECC tumors (Table 1) . Representative cases of L1 expression in well-differentiated (Fig. 1B) , moderately differentiated (Fig. 1C), and poorly differentiated (Fig. 1D ) ECC are shown in Fig. 1 . Remarkably, high L1 expression was detected in the tumor cells at the interface between the tumor and the stroma ( Fig. 2A) and in those invading the stroma (Fig. 2B) but rarely in the central differentiated area of the tumor (Fig. 2C) .
Correlation between L1 expression and clinicopathologic factors. We next analyzed the correlation between L1 expression and various clinicopathologic factors that can affect the prognosis of patients with ECC. The results are summarized in Table 1 . No difference in age and sex between the LEG and HEG was detected. Interestingly, high expression of L1 was significantly associated with perineural invasion (P < 0.01), which is commonly observed in biliary tract cancer and known to be an independent prognostic factor (32, 33) . Other clinicopathologic factors such as histologic grade, pathologic T stage, clinical stage, venous/lymphatic invasion, lymph node metastasis, and distant metastasis were not directly related to high L1 expression.
Correlation between L1 expression and duration of survival. To further investigate the clinical usefulness of L1 expression in ECC, we compared survival duration and duration of stable disease according to various clinicopathologic factors, including level of L1 expression (Supplementary Table S1 ). Age and sex did not influence survival duration and duration of stable disease. However, patients with high histologic grade, advanced pathologic T stage and clinical stage, positive perineural invasion, positive nodal metastasis, and high expression of L1 had short survival duration. Patients with advanced pathologic T stage and clinical stage, positive nodal metastasis, and high expression of L1 also had short duration of stable disease. To do univariate and multivariate analyses about overall survival and tumor progression, we classified variables such as histologic grade, pathologic T stage, and clinical stage into two categories; raw data are presented in Supplementary Table S1 . Overall survival and tumor progression of 75 ECC patients were also analyzed. The median survival time of ECC patients was 16 months (range, 1-94 months), and the overall 5-year survival rate was 21.3% (16 of 75 cases), whereas the rate of stable disease at 5 years was 13.3% (10 of 75 cases). The survival curves according to L1 expression are shown in Fig. 3 . The overall survival rates of the HEG and LEG were 3.1% and 34.9%, respectively ( Fig. 3A ; P < 0.001), and the rates of stable disease for HEG and LEG were 0% and 23.3%, respectively ( Fig. 3B ; P < 0.01). These analyses using the Kaplan-Meier method clearly showed the significant effect of L1 expression on clinical outcome.
To estimate the clinical significance of various prognostic factors that might influence survival and tumor progression in ECC, univariate analyses were done. As summarized in Table 2 , histologic grade 3 (P = 0.001), advanced pathologic T stage (P = 0.003) and clinical stage (P = 0.007), positive perineural invasion (P = 0.009) and lymph node metastasis (P = 0.005), and high expression of L1 (P < 0.001) were statistically significant risk factors affecting overall survival of ECC patients. About tumor progression, histologic grade 3 (P = 0.004), advanced pathologic T stage (P = 0.02), positive perineural invasion (P = 0.02), lymph node metastasis (P = 0.02), and high expression of L1 (P < 0.001) were significant risk factors. To determine independent prognostic effects of these various factors, multivariate analyses were done using the Cox's proportional hazards model. Results showed that positive lymph node metastasis [hazard ratio (HR), 2.088; 95% confidence interval (95% CI), 1.1587-3.764; P = 0.014] and high expression of L1 (HR, 2.171; 95% CI, 1.162-4.055; P = 0.015) were independent risk factors predicting the overall survival of ECC patients (Table 3) . Taken together, our findings indicate that L1 expression could be a useful marker to predict ECC patient survival.
Discussion
Recent reports have correlated high expression of L1 with progression and metastasis of several types of cancers, such as malignant gliomas, recurrent neuroblastoma, malignant melanoma, ovarian and uterine carcinomas, renal cell carcinoma, colorectal cancer, and pancreatic adenocarcinoma and neuroendocrine carcinoma (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . However, L1 expression in ECC and its correlation with tumor progression has not been reported. This study first shows that L1 is not expressed in normal extrahepatic bile duct epithelium but is highly expressed in a significant proportion (42.7%) of ECC ( Fig. 1; Table 1 ). Remarkably, high expression of L1 was detected at the invasive front of the tumors (Fig. 2B) , similar to colorectal carcinomas (22) . In colorectal cancer, L1 was shown to be a target gene of β-catenin-T-cell factor signaling (22) . Aberrant expression and nuclear accumulation of β-catenin could induce transcription of growth-promoting target genes such as cyclin D1 and c-myc (34, 35) , and in later stages of tumorigenesis, β-catenin can contribute invasive and metastatic capacities to cancer progression by inappropriate induction of metalloproteinase and cell adhesion receptors (36, 37) . Because aberrant expression and nuclear accumulation of β-catenin was previously observed in CC (38, 39), we speculate that L1, a novel target of β-catenin, might play a role in the tumorigenesis of CC.
Interestingly, we found that high L1 expression was significantly associated with positive perineural invasion (Fig. 2D) , whereas expression was not related to histologic grade, tumor stage, venous/lymphatic invasion, lymph node metastasis, and distant metastasis (Table 1) . Perineural invasion was shown to be a potential prognostic indicator in ECC in our study. Univariate analyses indicated many risk factors for patient survival and tumor progression, such as high histologic grade, advanced pathologic T stage and clinical stage, positive perineural invasion and nodal metastasis, and high L1 expression (Table 2) . Furthermore, multivariate analyses clearly showed that high L1 expression is an independent poor prognostic factor for overall survival as likely as lymph node metastasis ( Table 3 ; ref. 40) . These data suggest that high L1 expression could be a useful prognostic marker to predict ECC patient survival. About the function of L1 in cancers, L1 can activate extracellular signal-regulated kinase and induce extracellular signal-regulated kinase-regulated genes that may contribute to self-sufficiency in growth, apoptosis evasion, limitless replicative potential, angiogenesis, insensitivity to antigrowth signal, and tissue invasion and metastasis (41) . In addition, the extracellular domain of L1 can bind various extracellular matrix proteins and receptors, implying that L1 may also mediate cell-extracellular matrix interactions to promote cancer invasion and metastasis (42) . Moreover, the extracellular domain of L1 can be shed from the cell surface via proteolytic cleavage and stimulate the migration and survival of tumor cells through autocrine/paracrine binding to integrins (43, 44) . Recently, a monoclonal antibody against L1 was shown to significantly inhibit the tumor growth and migration of ovarian carcinomas in nude mice (45) , suggesting that anti-L1 antibody may have the potential to be an anticancer agent in ECC therapy. Taken together, L1 might play a crucial role in progression of ECC and function as not only a useful prognostic marker but also a therapeutic target for the treatment of ECC.
In conclusion, we first report L1 expression in ECC and its correlation with tumor progression. High L1 expression was detected at the invasive front of ECC tumors and was significantly associated with perineural invasion. Our results show that L1 expression was an independent poor prognostic factor for survival in ECC patients, indicating that L1 can serve as a novel poor prognostic factor.
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